Time lapse seismic modeling is an important step in joint inversion of time lapse seismic and production data of a field. Rock physics analysis is the basis for modeling the time-lapse seismic.
Introduction
Time lapse seismic data can provide information on the dynamics of fluids in the reservoir based on the relation between variations of seismic signals and movement of hydrocarbons and changes in formation saturations and pressure. In combination with reservoir production data in a joint inversion process it can provide better description of the reservoir and thus better reservoir forecasting. However the join inversion process is complex, challenging and computationally expensive. The problem is more challenging in case of a real field. Huang et al., (1997 Huang et al., ( , 1998 formulated the simultaneous matching of production and seismic data as an optimization problem, with updating of model parameters such as porosity. Walker and Lane (2007) presented a case study that included time-lapse seismic data as a part of the production history matching process, and show how the use of seismic monitoring can improve reservoir prediction. The general practice of joint inversion of time lapse seismic and production data is to update the porosity or/and permeability model till a minimum mismatch between observed and modeled data is achieved. In this process the parameters for reservoir and seismic simulator are considered as fixed. But in reality there are uncertainties attached with rock physics modeling and ignoring them can give misleading results. Thus it is necessary to rank the sensitive rock physics parameters for a better joint inversion of time lapse seismic and production data. This study is inline with the joint inversion of time lapse seismic and production data of segment E of Norne field. Norne field data is used to identify and rank the sensitive rock physics parameters for joint inversion. In future the results of this study will be used in selecting the most important reservoir parameters for joint inversion of both data types. We have performed an experimental design on the rock physics parameters to rank them in terms of sensitivity to time lapse seismic signatures.
Norne Field
The Norne field is located in the blocks 6608/10 and 6508/10 on a horst block in the southern part of the Nordland II area in the Norwegian Sea, and is of Late Triassic to Middle Jurassic age. The present geological model consists of five reservoir zones. They are Garn, Not, Ile, Tofte and Tilje. Oil is mainly found in the Ile and Tofte Formations, and gas in the Garn formation. The sandstones are buried at a depth of 2500-2700 m. The porosity is in the range of 25-30 % while permeability varies from 20 to 2500 mD (Steffensen and Karstad, 1995; Osdal et al., 2006) . Segment E (Figure 1 ) consists of 3 producer and 2 injector wells. Well log data are available for each of the wells. These logs consist of porosity, volume of shale, saturations, sonic log and density. However sonic logs are available for only two wells (E3H and F1H).The observed production data includes well oil, water and gas flow rates. Time lapse seismic data includes near, mid, far and full 3D stacks at four different years (2001, 2003, 2004 and 2006) . 
Rock Physics Modeling and Facies Classification
Rock physics modeling can be used to populate elastic properties inside the reservoir model away from the wells. The basis of our approach is to relate elastic moduli and porosity near the well (based on the well log data) and use this relation to populate away from the wells. Figure 2 describes the general workflow of modeling initial elastic properties (seismic velocity) from the well log data of a field. At first lithofluid facies are classified based on available well logs.
Lithofluid facies of segment E of Norne field is based on the well log data of two wells (E3H and F1H). The well log data used for analysis include porosity, saturation, clay content (Vsh) and sonic logs. Figure 3 shows clusters of different lithofluid facies in segment E of Norne field. A scatter plot between velocity ratio and clay content of well log data is used to classify different lithofacies. The well log data points are colored by acoustic impedance. All of the data points having shale fraction less than 0.4 is regarded as sand. Oil sands have lower impedance that brine sands. The data points having high Vp/Vs (~1.8) and high clay content are regarded as shale. Well log data points having clay content greater than 0.4, intermediate Vp/Vs and relatively high acoustic impedance are defined as shaly sand. Thus segment E of Norne field is divided into three facies (sand, shaly sand and shale) for this study. We have investigated sensitive rock physics parameter for time lapse modeling of sand facies. The same workflow can be applied for the other facies present. 
Methodology
There are two important steps in time lapse seismic modeling of a field. First is the selection of an appropriate rock physics model and second is the Gassmann's fluid substitution. The Gassmann's fluid substitution is used to capture the variation in the elastic properties of the reservoir due to changes in saturation and pore pressure. We have investigated the sensitive rock physics parameters in the both of the steps mentioned above and thus overall sensitivity for time lapse seismic modeling. After facies classification, an appropriate rock physics model is used to fit the well log data after correcting to a constant saturation (100% brine) using Gassmann's fluid substitution. We identify sensitive parameters in Gassmann's substitution using experimental design. The investigated parameters are clay content, gas-oil ratio (GOR), salinity and pore pressure. Based on the experimental design we identify sensitive rock physics parameter in Gassmann's fluid substitution. Constant cement model (Avseth et al., 2000) is used to calculate the elastic properties at critical porosity. This model relates the elastic moduli of high porosity sediments to porosity, mineralogy and cement fraction. Bulk and shear moduli of the rock frame having porosity below critical are calculated using the modified lower Hashin-Shtrikman bound. The variation in elastic properties of the reservoir not only depends on changes in saturation but also on saturation scale (patchy saturation). This effect is more visible if there is presence of gas in the reservoir. Thus two types of fluid mixing are considered for sensitivity analysis. Table   2 shows the investigated rock physics parameters for modeling time lapse seismic signature of Norne field. 
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Flow Simulation
Flow simulation provides us the spatial distributions of fluids and variation of pore pressure in the reservoir at different times after the start of production. We need the saturations of each fluid (Oil, Water and Gas) at every cell at different times as inputs to Gassmann's equations. We have used an isothermal black-oil model and flow rates and controls are set up as observed in the field. Four years of oil production have been simulated. PVT and capillary pressure data are taken from original Norne field simulation model. Production and injection schedule are the same as in the Norne field.
Time Lapse Seismic Modeling Change in Saturation
The distribution of fluid saturations in the reservoir is obtained by dynamic modeling. These variations of saturations are responsible for changes in the bulk density, effective bulk elastic moduli, and finally changes in the seismic velocities as described below. 3-D time-lapse changes in seismic velocities are generated using initial seismic velocities, density and Gassmann's fluid substitution equation (Gassmann, 1951) . .Gassmann's equation shown below is used to obtain the bulk modulus K 2 of the rock saturated with fluid 2, which is mixture of oil, water and gas in this case. 
K 1 and K 2 are the rock's bulk moduli with fluids 1 and 2 respectively, K fl1 and K fl2 are the bulk moduli of fluids 1 and 2, φ is the rock's porosity, and K min is the bulk modulus of the mineral.
The shear modulus G 2 remains unchanged G 2 = G 1 at low frequencies appropriate for surface seismic data, since shear stress cannot be applied to fluids. The fluid bulk moduli are a function of the oil composition, pore pressure and temperature. The fluid moduli and densities are obtained from the usual Batzle-Wang (1992) relations. The fluid bulk moduli are different for uniform and patchy saturation distribution. The harmonic average of the individual fluid bulk moduli is used for the case of uniform fluid distribution while the arithmetic average is used for the patchy case. The use of the arithmetic average is an approximation and gives an upper bound (Mavko and Mukerji, 1998) .
The density of the rock is also transformed and the density of the rock with the second fluid is computed as:
Having transformed the elastic moduli and the density, the compressional and shear wave velocities of the rock with the second fluid are computed as
Changes in Pore pressure
In addition to saturation changes, the elastic moduli of the porous rock frame and hence seismic velocities are affected by pore pressure changes as well. Flow simulation provides us the variation of pore pressure and saturations with respect to time after the startup of the production. Using a proper pore pressure model seismic velocities of dry rock are first corrected for changes in pore pressure. The corrected seismic velocities of dry rocks are used to calculate the seismic velocities by fluid substitution using Gassmann's equation as stated above. The pore pressure effect on the dry rock frame in modeled using an analytical curve fit to an empirical relation derived from dry core data for uncemented sands (Zimmer et al., 2002) . We explore the sensitivity of the pressure model on the time lapse results by using two different effective pressure models ( Figure 5 ). 
Results
The sensitivity results of initial Gassmann's fluid substitution were as expected ( Figure 6 ).
Increasing clay content by making the rock softer increased fluid sensitivity; GOR was also important while the results were not very sensitive to brine salinity, within the range tested. Figure 7 shows the results of sensitivity study for modeling the time lapse seismic signature of Norne field. Seismic P-wave impedance is modeled for four different years after the production.
The results are compared based on the L1 norm of differences in seismic P-wave impedance after four year of production and are plotted on y axis of the plots. The red and blue lines show the median and inter-quartile range of the distribution respectively. We observe that coordination number has largest impact on change in impedance. Fluid mixing, clay content and cement are also important. Effective pressure model and GOR have the least impact. 
Conclusion and Future Work
We found that clay content is the most sensitive parameter in fluid substitution for calculating seismic velocities in Norne field. Salinity and pore pressure have a lesser impact than clay content, for the conditions of the Norne reservoir. The Pareto plot in Figure 8 shows the relative impact of different factors on the time lapse changes in seismic impedance.
Coordination number is the most sensitive parameter in modeling the time lapse seismic signature of Norne field (Figure 8 ). Fluid mixing and cement are the second and third most sensitive parameters for modeling time lapse seismic signature. Results of this study will be used in joint inversion of time lapse seismic and production data of Norne field.
